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Presentation Notes
This lecture will review evidence based guidelines for the management of brain and spinal cord injury.At the end of this lecture, the audience member will understand the significance of protocols, documentation, and research in neurointensive care.



Guidelines  • Definitions 
– Types 

• Methodology 
– Authorities 
– Classification 

• Applications 
– Legal 
– Quality 
– Research 

• Currency 
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INCLUSION AND EXCLUSION CRITERIAGuidelines are evidenced-based protocols for management that are applied with varying degrees of consistency and rigor depending on the practitioner and institution.Guideline vs protocol  vs best practices vsAlgorithm Order setEvidencePeer reviewEvidence base (classificationCreationDisseminationCurrencyAuthorityBenefits   Uniformity of care      Challenges  Metrics may be misleadingQA filters  



Guideline Protocol Orders Policy 
Practice 

• Definitions 
• Authors 
• Methodology 
• Implications 
• Applications 
• Legal 
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Evidence-Based Recommendations 
Grades of Evidence 
Class I - Good quality randomized controlled trial (RCT) 
Class II - Moderate quality RCT, good quality cohort, or good quality case-
control 
Class III - Poor quality RCT; moderate or poor quality cohort; moderate or poor 
case-control; or case series, databases, or registries 
 

Levels of Recommendation 
Levels of recommendation are Level I, II, and III, derived from Class I, II, and 
III evidence, respectively. 
Level I - Recommendations are based on the strongest evidence for 
effectiveness, and represent principles of patient management that reflect a 
high degree of clinical certainty. 
Level II - Recommendations reflect a moderate degree of clinical certainty. 
Level III - Recommendations for which the degree of clinical certainty is not 
established. 

 

Presenter
Presentation Notes
At the end of this lecture, the audience member will be able to answer: What is a guideline, a standard, a recommendation, a protocol?Protocols >> Notes27. Palmer S, Bader M, Qureshi A et al. The impact of outcomesin a community hospital setting of using the AANS traumaticbrain injury guidelines. J Trauma 2001;50(4):657–662. 28. Patel HC, Menon DK, Tebbs S, et al. Specialist neurocriticalcare and outcome from head injury. Intensive Care Med2002;28:547–553. 10. Fakhry S, Trask A, Waller M et al. Management of braininjuredpatients by evidence-based medicine protocol improvesoutcomes and decreases hospital charges. J Trauma2004;56:492–500.Protocols can be organized by body system, diagnosis, urgency of response (emergency vs routine)Grades of EvidenceClass I - Good quality randomized controlled trial (RCT)Class II - Moderate quality RCT, good quality cohort, or good quality case-controlClass III - Poor quality RCT; moderate or poor quality cohort; moderate or poor case-control; or case series, databases, or registriesLevels of RecommendationLevels of recommendation are Level I, II, and III, derived from Class I, II, and III evidence, respectively.Level I - Recommendations are based on the strongest evidence for effectiveness, and represent principles of patient management that reflect a high degree of clinical certainty.Level II - Recommendations reflect a moderate degree of clinical certainty.Level III - Recommendations for which the degree of clinical certainty is not established.



Criteria for Evidence Classification 
• Class I 

• Good quality randomized controlled trial (RCT) 

• Class II 
• Moderate quality RTC 
• Good quality cohort or case-control 

• Level III 
• Poor quality RTC 
• Moderate of poor quality cohort or case-control 
• Case series, database, registry 
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Levels of Recommendation 
• Level I 

• Based on the strongest evidence for 
effectiveness.  Represent principles of patient 
management that reflect a high degree of clinical 
certainty 

• Level II 
• Reflect a moderate degree of clinical certainty 

• Level III 
• Clinical certainty not established 
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Guidelines box and 
arrow chart (U Pitts) 
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Orders 
• Admit  
• Diagnosis 
• Condition 
• Vitals 
• Allergies 
• Activities 
• Nursing 
• Medications 
• Fluids 
• Catheters 
• Monitoring 
• Ventilator 
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Admit DiagnosisConditionVitalsAllergiesActivitiesNursingMedicationsFluidsCathetersMonitoringVentilator



Authority 

• Peer Review Listerature 
–Radomized Controlled Trial 
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Inclusion Exclusion 

• Age (children vs adults) 
• Socioeconomics (uninsure vs insured) 
• Race (black vs white) 
• Sex (women vs men) 
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Different guidelines:   age – size of the body   environment



Judgment v Reflex 
• “Cookbook” Medicine 
• Limited Class 1 
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TBI and SCI 
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Traumatic Brain Injury  

• National Guidelines Clearinghouse 
– NBTF 
– American College Surgeons (ATLS) 
– American College Radiology 
– Neurology 
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NBTF TBI Guidelines 
• Imaging 
• Monitoring 
• Resuscitation, Optimization, Protection 
• Hyperventilation 
• Sedation & Pharmacologic coma 
• VTE prophylaxis 
• Hemostasis 
• Seizure prophylaxis 
• Hyperosmolar therapy 
• Hypothermia 
• Steroids 
• Infection prophylaxis 
• Nutrition 
• Decompressive cranietomy 
• PEG & Trach 
• Therapy & Rehab 
• Concussion follow up 
• Brain death 
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BLOOD PRESSURE & OXYGEN (TBI NBTF) 

• NO LEVEL I Recommendation 
• Blood pressure should be monitored.  

Arterial hypotension (SBP < 90 mmHg) 
should be avoided (Level II) 

• Oxygenation should be monitored and 
hypoxia (paO2 < 60 mmHg, O2 sat < 90%) 
avoided (Level III) 
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Blood Pressure and Oxygenation NTBFNO LEVEL I RecommendationBlood pressure should be monitored.  Arterial hypotension (SBP < 90 mmHg) should be avoided (Level II)Oxygenation should be monitored and hypoxia (paO2 < 60 mmHg, O2 sat < 90%) avoided (Level III)



HYPEROSMOLAR THERAPY (TBI NBTF) 

• NO LEVEL I Recommendation 
• Mannitol is effective for control of raised ICP at 

.25 gm/kg to 1 g/kg body weight.  Arterial 
hypotension (SBP < 90 mmHg) should be 
avoided. (Level II) 

• Restrict mannitol use prior to ICP monitoring to 
patients with signs of transtentorial herniation 
or progressive neurological deterioration not 
attributable to extracranial causes. (BTF Level 
III) 
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Graphic: hypertonic saline, mannitolGuidelines for management: Hyperosmolar therapyMannitol effective for control of raised ICP at .25 gm/kg to 1 g/kg body weight.  Arterial hypotension (SBP < 90 mmHg) should be avoided. (BTF Level II)Restrict mannitol use prior to ICP monitoring to patients with signs of transtentorial herniation or progressive neurological deterioration not attributable to extracranial causes. (BTF Level III)Diuresis while maintaining intravascular volumeMannitolSalineBenefits   Decreases interstitial fluid volume   Low toxicityChallenges   Hypernatremia



PROPHYLACTIC HYPOTHERMIA (TBI NBTF) 

• NO LEVEL I Recommendation 
• NO LEVEL II Recommendation 
• Lower mortality risk when target temperature 

maintained more than 48 hours (Level III) 
• Higher Glasgow Outcome Score (GOS) 

compared to controls (Level III) 
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Graphic: hypertonic saline, mannitolGuidelines for management: Hyperosmolar therapyMannitol effective for control of raised ICP at .25 gm/kg to 1 g/kg body weight.  Arterial hypotension (SBP < 90 mmHg) should be avoided. (BTF Level II)Restrict mannitol use prior to ICP monitoring to patients with signs of transtentorial herniation or progressive neurological deterioration not attributable to extracranial causes. (BTF Level III)Diuresis while maintaining intravascular volumeMannitolSalineBenefits   Decreases interstitial fluid volume   Low toxicityChallenges   Hypernatremia



INFECTION PROPHYLAXIS (TBI NBTF) 
NO LEVEL I Recommendation 
Periprocedural antibiotics for intubation (Level II) 
Early tracheostomy to reduce mechanical ventilation 
days (Level II) 
Routine catheter exchange or prophylactic 
antibiotics for ventricular catheter not 
recommended to reduce infection (Level III) 
Early extubation if by qualified (Level III) 
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Graphic: infection prophylaxisGuidelines for management:Periprocedural abx for intubation (does not reduce LOS or mortality)Early tracheostomy should to reduce mechanical ventilation days (does not reduce rate of nosocomial pneumonia)No routine catheter exchange or prophylactic abx for ventricular catheter (does not reduce infection rate)Early extubation if done by qualified personnel does not increase risk of pneumonia



VTE PROPHYLAXIS (TBI NBTF) 

• NO LEVEL I Recommendation 
• NO LEVEL II Recommendation 
• Graduated compression stockings or intermittent 

pneumatic compression (IPC) recommended.  Continue 
until patient ambulatory (Level III) 

• Low molecular weight heparin (LMWH) or low dose 
unfractionated heparin should be used in combination 
with mechanical prophylaxis for DVT (risk of expansion 
contusion)  (Level III) 

• Insufficient evidence to support recommendations for: 
agent, dose, timing... (Level III) 
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Graphic: VTE prophylaxis, DVT, PEGuidelines for management:VTE ProphylaxisGraduated compression stockings or intermittent pneumatic compression (IPC) recommended.  Continue until patient ambulatory (BTF Level III)Low molecular weight heparin (LMWH) or low dose unfractionated heparin should be used in combination with mechanical prophylaxis for DVT (risk of expansion contusion)  (BTF Level III)Insufficeint evidence to support recommendations for:Agent, dose, timing...



HYPERVENTILATION (TBI NBTF) 

• Prophylactic hyperventilation (pCO2 < 25 
mmHg) not recommended (BTF Level II) 

• -Hyperventilation recommended as temporizing measure 
reduction elevated ICP 

• -Hyperventilation should be avoided first 24 hours when CBF 
critically low 

• -If hyperventilation used, jugular venous O2 sat or brain 
tissue oxygen should be monitored (BTF Level III) 
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Guidelines: HyperventilationGraphic: hyperventilation on cerebral arteriesProphylactic hyperventilation (pCO2 < 25 mmHg) not recommended (BTF Level II)-Hyperventilation recommended as temporizing measure reduction elevated ICP-Hyperventilation should be avoided first 24 hours when CBF critically low-If hyperventilation used, jugular venous O2 sat or brain tissue oxygen should be monitored (BTF Level III)Out of favor  (constriction of arteries at time that perfusion and oxygen delivery critical, metabolic abnormalities if protracted, only works for few hours)    Resuscitation – NO    ICU maintenance – NO    Acute elevation ICP, temporizing – Yes Keep pC02 above 30.   



ICP MONITORING INDICATIONS  (TBI NBTF) 

• Intracranial pressure 
• Arterial pressure, O2 sat 
• Capnography 
• Brain Oxygen 

2/20/2014 Neurotrauma Guidelines  

Presenter
Presentation Notes
Graphic: bolt, ventriculostomy, licoxGuidelines for management: monitoringIntrancranial Pressure	ICP should be monitored in salvageable patients with severe traumatic brain injury and GCS 3-8 after resuscitation and an abnormal CT scan (hematoma, contusion, swelling, herniation, compressed basal cisterns. (BTF Level II)	ICP monitoring if NORMAL CT but two or more of:		age > 40 yrs		motor posturing 		SBP < 90 mmHg  (BTF Level III)	Treat ICP > 20 mmHgTissue oxygenation (BTF Level III)	jugular venous saturation (<50%) (BTF Level III)                   brain tissue oxygen tension (<15 mmHg) (BTF Level III)Cerebral Perfusion Thresholds	- fluids and pressors aggressively maintaining CPP > 70 mmHg risk ARDS and should be avoided (BTF Level II)	- avoid CPP < 50 mmHg 	- patients with intact autoregulation tolerate higher CPP values	External VENTRICULAR drain   1. ICP monitoring   2. therapeutic drainage* Not always possible because catheter tip needs to be in a ventricle.  Placement relies on relationship of ventricular system to external landmarks (mid-pupillary line, tragus, inner canthus…) – if this relationship is altered by midline shift, venticle harder to “hit”.  Severe brain swelling can decrease the size of the ventricle making it harder to “hit”.SUBDURAL bolt   1. ICP monitoring   2. No drainageEVD preferred whenever possible but sometimes technically impossible as aboveMonitoring  modalities   ICP (and CPP)   Tissue oxygen   Perfusion (radiotracer/metabolite)   Lactate and other metabolites* Lack of evidence, expensive, invasive



ICP MONITORING TECHNOLOGY  (TBI NBTF) 

• ICP 
– Salvageable, GCS 3-8 after resuscitation, abnormal CT scan 

(BTF Level II) 
– NORMAL CT but two or more of: age > 40 yrs, motor posturing, 

SBP < 90 mmHg  (BTF Level III) 
Treat ICP > 20 mmHg 
Cerebral Perfusion Thresholds 

- fluids and pressors aggressively maintaining CPP > 70 mmHg risk 
ARDS and should be avoided (BTF Level II) 

- avoid CPP < 50 mmHg  
- patients with intact autoregulation tolerate higher CPP values 
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Graphic: bolt, ventriculostomy, licoxGuidelines for management: monitoringIntrancranial Pressure	ICP should be monitored in salvageable patients with severe traumatic brain injury and GCS 3-8 after resuscitation and an abnormal CT scan (hematoma, contusion, swelling, herniation, compressed basal cisterns. (BTF Level II)	ICP monitoring if NORMAL CT but two or more of:		age > 40 yrs		motor posturing 		SBP < 90 mmHg  (BTF Level III)	Treat ICP > 20 mmHgTissue oxygenation (BTF Level III)	jugular venous saturation (<50%) (BTF Level III)                   brain tissue oxygen tension (<15 mmHg) (BTF Level III)Cerebral Perfusion Thresholds	- fluids and pressors aggressively maintaining CPP > 70 mmHg risk ARDS and should be avoided (BTF Level II)	- avoid CPP < 50 mmHg 	- patients with intact autoregulation tolerate higher CPP values	External VENTRICULAR drain   1. ICP monitoring   2. therapeutic drainage* Not always possible because catheter tip needs to be in a ventricle.  Placement relies on relationship of ventricular system to external landmarks (mid-pupillary line, tragus, inner canthus…) – if this relationship is altered by midline shift, venticle harder to “hit”.  Severe brain swelling can decrease the size of the ventricle making it harder to “hit”.SUBDURAL bolt   1. ICP monitoring   2. No drainageEVD preferred whenever possible but sometimes technically impossible as aboveMonitoring  modalities   ICP (and CPP)   Tissue oxygen   Perfusion (radiotracer/metabolite)   Lactate and other metabolites* Lack of evidence, expensive, invasive



CEREBRAL PERFUSION PRESSURE THRESHOLDS 
(TBI NBTF) 

– NO LEVEL I Recommendation 
– Aggressive measures to keep CPP > 70 mmHg with 

fluids and pressors can cause ARDS and should be 
avoided (Level III) 

– Cerebral perfusion pressure (CPP) < 50 mmHg 
should be avoided 

– The CPP target is between 50-70 mmHg.  Patients 
with intact autoregulation tolerate a higher CPP. 

– Ancillary monitoring of blood flow, oxygen, or 
metabolism facilitate CPP management 
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Graphic: bolt, ventriculostomy, licoxGuidelines for management: monitoringTissue oxygenation (BTF Level III)	jugular venous saturation (<50%) (BTF Level III)                   brain tissue oxygen tension (<15 mmHg) (BTF Level III)Monitoring  modalities   ICP (and CPP)   Tissue oxygen   Perfusion (radiotracer/metabolite)   Lactate and other metabolites* Lack of evidence, expensive, invasive



BRAIN OXYGEN MONITORING AND 
THRESHOLDS (TBI NBTF) 

• Tissue oxygenation (BTF Level III) 
•  jugular venous saturation (<50%) (BTF 

Level III) 
•  brain tissue oxygen tension (<15 mmHg) 

(BTF Level III) 
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Graphic: bolt, ventriculostomy, licoxGuidelines for management: monitoringTissue oxygenation (BTF Level III)	jugular venous saturation (<50%) (BTF Level III)                   brain tissue oxygen tension (<15 mmHg) (BTF Level III)Monitoring  modalities   ICP (and CPP)   Tissue oxygen   Perfusion (radiotracer/metabolite)   Lactate and other metabolites* Lack of evidence, expensive, invasive



HYPORTHERMIA TBI (TBI NBTF) 

– Pooled data indicates prophylactic 
hypothermia does not decrease mortality 
compared with normothermic controls.  
Preliminary data suggests greater decrease 
in mortality if hypothermic more than 
48hrs 

– Prophylactic hypothermia significantly high 
GOS compared to normothermic 

2/20/2014 Neurotrauma Guidelines  

Presenter
Presentation Notes
Guidelines for management: HypothermiaGraphic: hypothermiaPooled data indicates prophylactic hypothermia does not decrease mortality compared with normothermic controls.  Preliminary data suggests greater decrase in mortality if hypothermic more than 48hrsProphylactic hypothermia significantly high GOS compared to normothermicReduces metabolic rate and ICPInvestigationalDecreases metabolism and ICP.  How cold?Re-warming most dangerous



SEDATION AND COMA (TBI NBTF) 

• NO LEVEL I Recommendation 
• Prophylactic barbiturate coma NOT recommended 

(Level II) 
• High-dose barbiturates recommended to control 

elevated ICP refractory to standard medical and 
surgical treatment.  Hemodynamic stability 
essential before and during therapy (BTF Level II) 

• Propofol recommended for ICP control but not 
improved mortality at 6 months. Can cause 
significant morbidity. (BFT Level II) 
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Graphic:  sedation Guidelines for management: Sedation and ComaSedation and Pharmacologic ComaProphylactic administration of barbiturates to induce burst suppression EEG NOT recommended (BTF Level II)High-dose barbiturates recommended to control elevated ICP refractory to standard medical and surgical treatment.  Hemodynamic stability essention before and during therapy (BTF Level II)Propofol recommended for ICP control but not improved mortality at 6 months.  Propofol can cause significant morbidity. (BFT Level II)Benefits    Decrease metabolism (and demand for oxygen) >> increase tolerance for decrease oxygen delivery/perfusion    Decrease ICP Challenges    Decrease CPP (due to decrease MAP)    No neuro exam    Complicates brain death declaration



SEIZURE PROPHYLAXIS (TBI NBTF) 

NO LEVEL I Recommendation. 
Anticonvulsants are indicated to decrease the 
incidence of PTS (within 7 days of injury) 
(Level II) 
Prophylactic phenytoin or valproate not 
recommended for preventing late PTS (Level 
II) 
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Graphic: EEG with spikeGuidelines for management:Seizure prophylaxisNO LEVEL 1 “Anticonvulsants are indicated to decrease the incidence of PTS (within 2 days of injury).Benefits    Decrease metabolism (and demand for oxygen) >> increase tolerance for decrease oxygen delivery/perfusion    Decrease ICP Challenges    Decrease CPP (due to decrease MAP)    No neuro exam    Complicates brain death declaration



NUTRITION (TBI NBTF) 

• NO LEVEL I Recommendation 
• Full caloric replacement by day 

7 post-injury 
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Guidelines for management: NutritionGraphic: nutrition brain injuryFull caloric replacement by day 7 post-injury



STEROIDS TBI (TBI NBTF) 

• NOT recommended for improving 
outcome or reducing ICP.  In 
moderate to severe TBI high-dose 
methylprednisolone increased 
mortality and is contraindicated. 
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Guidelines for management: SteroidsGraphic: steroid moleculeSteroids not recommended for improving outcome or reducing ICP.  In moderate to severe TBI high-dose methylprednisolone increased mortality and is contraindicated.



CONCUSSION (TBI NBTF) 

–Discharge from DEM 
–Follow up 
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DECOMPRESSIVE CRANIECTOMY  (TBI) 

• Aggressive resuscitation, decompressive 
craniectomy may be increasing number of non-
functioning survivors 

• Evacuation 
– Hematoma  
– Brain tissue  

• Decompression 
– Craniectomy (remove bone, open dura) 
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Graphic:Guidelines for management: Decompressive craniectomyDecompression, evacuation, resectionAggressive resuscitation, decompressive craniectomy may be increasing number of non-functioning survivorsEvacuation    Blood clots    Brain tissueDecompression    Craniectomy – removes the bone and the dura



PEG & TRACH (TBI) 
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• Early tracheostomy 
• Early nutrition 
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Graphic:Guidelines for management:



CLOTTING FACTORS AND PLATELETS TBI (LACUSC) 

• Clotting factors and 
platelets 
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Graphic: clotting factors and plateletsGuidelines for management: clotting factors and plateletsAnti-coagulationTarget INR



IMAGING Traumatic Brain Injury (ACR) 

• Imaging 
– Indications for initial head CT 

Minor or mild closed injury (GCS <14) without 
risk factor low yield  
Minor or mild, focal neuro deficit and/or risk 
factors 
Moderate or severe 
Children under 2 

(ACR Appropriateness criteria) 
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Graphic: progression of hemorrhagic contusion CT and rat modelGuidelines for management: Imaging TBIImagingIndications for initial head CT	- Minor or mild closed injury (GCS <14) without risk factor low yield 	- Minor or mild, focal neuro deficit and/or risk factors	- Moderate or severe	- Children under 2(ACR Appropriateness criteria)Indications for and timing of follow up CTIndications for other craniocerebral imaging



BRAIN DEATH DECLARATION 
(LACUSC) 
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Graphic:Guidelines for management: Brain DeathCatastrophic brain injury guidelinesBrain death declarations timelyTime between brain death notesOrgan donation



CATASTROPHIC BRAIN INJURY (OPO) 
– Hypothermia:  

•  Warming blanket core body temperature of 36.0 and 37.5 C.  

– Hypotension:  
• Start Dopamine infusion and titrate to maintain SBP between 85 and 110mmHg  
• (maximum dose 20mcg/kg/min)  

–  For CVP less than 6, may give fluid challenge of ½ NS. May repeat if necessary.  
• If pt remains hypotensive, initiate Levophed.  

– Respiratory Function:  
• CPT every 4 hours and prn, Turn patient side to side every 2 hours  
• ABG every 24 hours and prn; treat any abnormalities, Tidal Volume at 8-10cc/kg, +5 Peep on vent 

settings, FiO2 at lowest setting to maintain pO2>100, Chest X-ray every 24 hours  

– Diabetes Insipidus:  
• If urine output greater than 500cc/hr and Sodium greater than 160, administer DDAVP 1 mcg IV Q 12 

hr; hold if U/O less than 100 ml/hr  

– Laboratory:  
• CBC and Complete Metabolic Profile every 24 hours, Replace low electrolyte levels of K, P, Mg, 

Ca  

– Maintenance:  
• IVF: D5W with 20mEq KCL at 100cc/hr.  

• Urine output replacement: 1/2 NS to match urine output cc:cc  
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INCLUSION AND EXCLUSION CRITERIACatastrophic Brain InjuryVital Signs & Intake and Output: Hypothermia:  Warming blanket to maintain core body temperature of 36.0 and 37.5 C. Hypotension: Start Dopamine infusion and titrate to maintain SBP between 85 and 110mmHg (maximum dose 20mcg/kg/min)  For CVP less than 6, may give fluid challenge of ½ NS. May repeat if necessary. If pt remains hypotensive, initiate Levophed. Respiratory Function: CPT every 4 hours and prn Turn patient side to side every 2 hours ABG every 24 hours and prn; treat any abnormalities 	Tidal Volume at 8-10cc/kg  	+5 Peep on vent settings, FiO2 at lowest setting to maintain pO2>100 	Chest X-ray every 24 hoursDiabetes Insipidus:  	If urine output greater than 500cc/hr and Sodium greater than 160, please administer DDAVP 1 mcg IV Q 12 hr; hold if U/O less than 100 ml/hr Laboratory: 	CBC and Complete Metabolic Profile every 24 hours 	Replace low electrolyte levels of Potassium, Phosphorus, Magnesium and Calcium Maintenance: 	IVF: D5W with 20mEq KCL at 100cc/hr. 	Urine output replacement: 1/2 NS to match urine output cc:cc 



Research NBTF Severe TBI 
BLOOD PRESSURE & OXYGENATION 

1. Level of hypotension and hypoxia that results 
in worse outcome 

2. Treatment thresholds 
3. Optimal resuscitation thresholds 
4. Impact of resuscitation/treatment on outcome 
5. Specification of target values 

Neurotrauma Guidelines  
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Not sure what “specification of target values” means



Research NBTF Severe TBI 
HYPEROSMOLAR THERAPY 
1. RCT Mannitol vs Hypertonic Saline 
2. Optimal administration and concentration 

hypertonic saline 
3. Mannitol single high dose needs validation: a) 

multicenter trial, and b) entire severe TBI 
population 

4. Prolonged hypertonic therapy efficacy 
(outcome) 
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2/20/2014 



Research NBTF Severe TBI 
HYPOTHERMIA 

1. Adequate, well-described randomization; no 
allocation concealment 

2. Rule out confounding treatment effects 
3. Blind outcome assessors 
4. Management of missing outcome data 
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These are not suggestions for further research but rather for improvement future multicenter RTCs.



Research NBTF Severe TBI 
INFECTION PROPHYLAXIS 

1. Prophylactic antibiotics for intracranial 
pressure and drainage devices  

2. Antibiotic-impregnated catheters 
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Research NBTF Severe TBI 
CPP THRESHOLDS 

1. CPP relationship to 
A. Ischemia 
B. Autoregulation 

2. RTC to assess optimal CPP based on 
monitored ischemia/autoregulation 
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Thank You! 
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jpgruen@usc.edu 
   Neurotrauma 
      LAC USC 

2/20/2014 

Presenter
Presentation Notes
Thanks for coming



Spine Injury 

Guidelines 
• Assessment 
• Immobilization 
• Imaging  
• Surgery 
• Ventilation 
• Perfusion 
• VTE prophylaxis 
• Urination 
• GI 
• Monitoring 
• Hypothermia 
• Nutrition 
• Steroids 
• Therapy & Rehab 

Neurotrauma Guidelines    St. Mary’s Long Beach Hospital    October 21, 2013 
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Guidelines for management:AssessmentImmobilizationImaging SurgeryVentilationPerfusionVTE prophylaxisUrinationGIMonitoringHypothermiaNutritionSteroidsTherapy & RehabGuidelines for the Management  of Acute Cervical Spine and Spinal Cord InjuriesMark N. Hadley, MD*Beverly C. Walters, MD, MSc, FRCSC‡*Co-Lead Author, Guidelines AuthorCopyright ª 2013 by theCongress of Neurological SurgeonsMedical evidence-based guidelines, when properly produced, represent a contemporaryscientific summary of accepted management, imaging, assessment, classification,and treatment strategies on a focused series of medical and surgical issues.1-3 They are anevidence-based hierarchal ranking of the scientific literature produced to date. They record andrank the collective experiences of scientists and clinicians and are a comprehensive referencesource on a given topic or group of topics. Medical evidence-based guidelines are notmeant to be restrictive or to limit a clinician’s practice. They chronicle multiple successfultreatment options (for example) and stratify the more successful and the less successfulstrategies based on scientific merit. They are not absolute, “must be followed” rules. Thisprocess may identify the most valid and reliable imaging strategy for a given injury, for example,but because of regional or institutional resources, or patient co-morbidity, that particular imagingstrategy may not be possible for a patient with that injury. Alternative acceptable imagingoptions may be more practical or applicable in this hypothetical circumstance.Guidelines documents are not tools to be used by external agencies to measure or control thecare provided by clinicians. They are not medical-legal instruments or a “set of certainties”that must be followed in the assessment or treatment of the individual pathology in theindividual patients we treat. While a powerful and comprehensive resource tool, guidelinesand the recommendations contained therein do not necessarily represent “the answer” for themedical and surgical dilemmas we face with our many patients.This second iteration of Guidelines for the Management of Acute Cervical Spine and SpinalCord Injuries represents 15 months of diligent volunteer effort by the Joint Section on Disordersof the Spine and Peripheral Nerves author group to provide an up-to-date review of themedical literature on 22 topics germane to the care, assessment, imaging and treatment ofpatients with acute cervical spine and/or spinal cord injuries. The medical evidence summarizedwithin each guideline has been painstakingly analyzed and ranked according to rigorousevidence-based medicine criteria, and have been linked to 112 evidence-based recommendationsfor these topics.1-3  There are many important differences in thisiteration of these Guidelines compared to those we published 10 years ago. Regrettably, however,for some of the topics considered and included in this medical evidence-based compendium,little new evidence beyond Class III medical evidence has been offered in the last 10years by investigators and surgeons who treat patients with these disorders. Our specialties andour patients desperately need comparative Class I and Class II medical evidence derived fromproperly designed analytical clinical studies to further our understanding on the best ways toassess, diagnose, image and treat patients with these acute traumatic injuries.Good progress has been made in several clinical research areas since the original Guidelinespublication in 2002. One hundred twelve evidence-based recommendations are offeredin this contemporary review, compared to only 76 recommendations in 2002. There are19 Level I recommendations in the current Guidelines; each supported by Class I medicalevidence. • Assessment of Functional Outcomes (1)• Assessment of Pain After Spinal CordInjuries (1)• Radiographic Assessment (7)• Pharmacology (2)• Diagnosis of AOD (1)• Cervical Subaxial Injury ClassificationSchemes (2)• Pediatric Spinal Injuries (1)• Vertebral Artery Injuries (1)• Venous Thromboembolism (3)There are an additional 16 Level II recommendationsbased on Class II medical evidenceand 77 Level III recommendations based on ClassIII medical evidence.Group; Charles A. & Patsy W. CollatProfessor of Neurosurgery and ProgramDirector, University of Alabama NeurosurgicalResidency Training Program, Divisionof Neurological Surgery, University ofAlabama at Birmingham, Birmingham,Alabama; ‡Co-Lead Author, GuidelinesAuthor Group; Professor of NeurologicalSurgery and Director of Clinical Research,University of Alabama at Birmingham,Birmingham, Alabama; Professor of Neurosciences,Virginia Commonwealth University- Inova Campus and Director of ClinicalResearch, Department of Neurosciences,Inova Health System, Falls Church, Virginia;Affiliate Professor of Molecular Neurosciences,GeorgeMason University, Fairfax,Virginia
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Guidelines for management:AssessmentImmobilizationImaging SurgeryVentilationPerfusionVTE prophylaxisUrinationGIMonitoringHypothermiaNutritionSteroidsTherapy & RehabGuidelines for the Management  of Acute Cervical Spine and Spinal Cord InjuriesMark N. Hadley, MD*Beverly C. Walters, MD, MSc, FRCSC‡*Co-Lead Author, Guidelines AuthorCopyright ª 2013 by theCongress of Neurological SurgeonsMedical evidence-based guidelines, when properly produced, represent a contemporaryscientific summary of accepted management, imaging, assessment, classification,and treatment strategies on a focused series of medical and surgical issues.1-3 They are anevidence-based hierarchal ranking of the scientific literature produced to date. They record andrank the collective experiences of scientists and clinicians and are a comprehensive referencesource on a given topic or group of topics. Medical evidence-based guidelines are notmeant to be restrictive or to limit a clinician’s practice. They chronicle multiple successfultreatment options (for example) and stratify the more successful and the less successfulstrategies based on scientific merit. They are not absolute, “must be followed” rules. Thisprocess may identify the most valid and reliable imaging strategy for a given injury, for example,but because of regional or institutional resources, or patient co-morbidity, that particular imagingstrategy may not be possible for a patient with that injury. Alternative acceptable imagingoptions may be more practical or applicable in this hypothetical circumstance.Guidelines documents are not tools to be used by external agencies to measure or control thecare provided by clinicians. They are not medical-legal instruments or a “set of certainties”that must be followed in the assessment or treatment of the individual pathology in theindividual patients we treat. While a powerful and comprehensive resource tool, guidelinesand the recommendations contained therein do not necessarily represent “the answer” for themedical and surgical dilemmas we face with our many patients.This second iteration of Guidelines for the Management of Acute Cervical Spine and SpinalCord Injuries represents 15 months of diligent volunteer effort by the Joint Section on Disordersof the Spine and Peripheral Nerves author group to provide an up-to-date review of themedical literature on 22 topics germane to the care, assessment, imaging and treatment ofpatients with acute cervical spine and/or spinal cord injuries. The medical evidence summarizedwithin each guideline has been painstakingly analyzed and ranked according to rigorousevidence-based medicine criteria, and have been linked to 112 evidence-based recommendationsfor these topics.1-3  There are many important differences in thisiteration of these Guidelines compared to those we published 10 years ago. Regrettably, however,for some of the topics considered and included in this medical evidence-based compendium,little new evidence beyond Class III medical evidence has been offered in the last 10years by investigators and surgeons who treat patients with these disorders. Our specialties andour patients desperately need comparative Class I and Class II medical evidence derived fromproperly designed analytical clinical studies to further our understanding on the best ways toassess, diagnose, image and treat patients with these acute traumatic injuries.Good progress has been made in several clinical research areas since the original Guidelinespublication in 2002. One hundred twelve evidence-based recommendations are offeredin this contemporary review, compared to only 76 recommendations in 2002. There are19 Level I recommendations in the current Guidelines; each supported by Class I medicalevidence. • Assessment of Functional Outcomes (1)• Assessment of Pain After Spinal CordInjuries (1)• Radiographic Assessment (7)• Pharmacology (2)• Diagnosis of AOD (1)• Cervical Subaxial Injury ClassificationSchemes (2)• Pediatric Spinal Injuries (1)• Vertebral Artery Injuries (1)• Venous Thromboembolism (3)There are an additional 16 Level II recommendationsbased on Class II medical evidenceand 77 Level III recommendations based on ClassIII medical evidence.Group; Charles A. & Patsy W. CollatProfessor of Neurosurgery and ProgramDirector, University of Alabama NeurosurgicalResidency Training Program, Divisionof Neurological Surgery, University ofAlabama at Birmingham, Birmingham,Alabama; ‡Co-Lead Author, GuidelinesAuthor Group; Professor of NeurologicalSurgery and Director of Clinical Research,University of Alabama at Birmingham,Birmingham, Alabama; Professor of Neurosciences,Virginia Commonwealth University- Inova Campus and Director of ClinicalResearch, Department of Neurosciences,Inova Health System, Falls Church, Virginia;Affiliate Professor of Molecular Neurosciences,GeorgeMason University, Fairfax,Virginia
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Primary and secondary survey as long 
as patient’s spine protected 
Differentiate hypotension due to 
hypovolemia from neurogenic shock 
(ATLS) 
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Graphic:Guidelines for management:  Assessmenthttp://boneandspine.com/what-is-asia-score-and-how-it-helps-in-classification-of-spinal-injury/The ASIA score is the score developed by the American Spinal Injury Association for essential minimal elements of neurologic assessment for all patients with a spinal injury. This is based on scores as assessed by examiner and is popularly called ASIA score.These minimal elements are strength assessment of ten muscles on each side of the body and pin-prick discrimination assessment at 28 specific sensory locations on each side.How To Calculate ASIA Score?ASIA chart- Click to enlargeSensory ExaminationThe sensory levels are scored on a 0 to 2 scale for each dermatome. If body is divided into two identical halves there are 28 key sensory points to be tested. Each dermatome is tested forlight touch and pinprick sensations and labeld as NT (not testable) if cannot be tested.Otherwisw, follwing scores are given to each sensory point0 – The sensation is absent1 – The sensation is present but imapired2 – The sensation is normalScores are individually tested for  both light touch and pin prick are normal.A maximum possible is 112 points for each of them for a patient with normal sensation.In addition presence or absence of anal sensation is noted.Motor Examination10 key muscles, 5 in the upper limb and 5 in the lower limb are etested.  Five specific upper extremity muscles, one from each respective segment of the cervical cord, are scored on a 5-point muscle grading scale.  Five specific lower extremity muscles are similarly scored.Muscle strength is graded as0   Total paralysis1 -  Palpable or visible contraction2 -  Active movement, full range of motion, gravity eliminated3 -  Active movement, full range of motion, against gravity4 -  Active movement, full range of motion, against gravity and provides some resistance5 – Active movement, full range of motion, against gravity and provides normal resistance [Muscle able to exert, in examiner’s judgement, sufficient resistance to be considered normal if identifiable inhibiting factors were not present]NT – not testable. Patient unable to reliably exert effort or muscle unavailable for test-ing due to factors such as immobilization, pain on effort or contracture.The sum of all 20 muscle yields a total motor score for each patient, with a maximum possible score of 100 points for patients with no weakness. A different score, however  for upper limbs and lower limbs can be calculated making it 50 maximum for both upper and lower limb.Voluntary anal contraction is also noted.Determine Single Neurological LevelAfter motor and sensory levels have been determined, the information is assimilated for determining a single neurological levels. This is important because the sensory and motor level may differ.the neurological level is the lowest segment where motor and sensory function is normal on both sides, and is the most cephalad of the sensory and motor levels determined in sensory and motor examination.Complete or incomplete spinal cord injuryInjury is complete if there isNo voluntary anal contractionS4-5 sensory scores = 0no anal sensation = NoOtherwise injury is incomplete.Grading of ImpairmentThe ASIA impairment scale describes a person’s functional impairment as a result of their spinal cord injury.ASIA-Imapirment - CalculationA- CompleteNo motor or sensory function in the lowest sacral segment (S4-S5)B- IncompleteSensory function below neurologic level and in S4-S5, no motor function below neurologic levelC- Incomplete



ASIA Score (Guidelines Cervical Spine Injury)  
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http://boneandspine.com/what-is-asia-score-and-how-it-helps-in-classification-of-spinal-injury/The ASIA score is the score developed by the American Spinal Injury Association for essential minimal elements of neurologic assessment for all patients with a spinal injury. This is based on scores as assessed by examiner and is popularly called ASIA score.These minimal elements are strength assessment of ten muscles on each side of the body and pin-prick discrimination assessment at 28 specific sensory locations on each side.How To Calculate ASIA Score?ASIA chart- Click to enlargeSensory ExaminationThe sensory levels are scored on a 0 to 2 scale for each dermatome. If body is divided into two identical halves there are 28 key sensory points to be tested. Each dermatome is tested forlight touch and pinprick sensations and labeld as NT (not testable) if cannot be tested.Otherwisw, follwing scores are given to each sensory point0 – The sensation is absent1 – The sensation is present but imapired2 – The sensation is normalScores ar4 eindividually tested for  both light touch and pin prick are normal.A maximum possibleis 112 points for each of them for a patient with normal sensation.In addition presence or absence of anal sensation is noted.Motor Examination10 key muscles, 5 in the upper limb and 5 in the lower limb are etested.  Five specific upper extremity muscles, one from each respective segment of the cervical cord, are scored on a 5-point muscle grading scale.  Five specific lower extremity muscles are similarly scored.Muscle strength is graded as0   Total paralysis1 -  Palpable or visible contraction2 -  Active movement, full range of motion, gravity eliminated3 -  Active movement, full range of motion, against gravity4 -  Active movement, full range of motion, against gravity and provides some resistance5 – Active movement, full range of motion, against gravity and provides normal resistance [Muscle able to exert, in examiner’s judgement, sufficient resistance to be considered normal if identifiable inhibiting factors were not present]NT – not testable. Patient unable to reliably exert effort or muscle unavailable for test-ing due to factors such as immobilization, pain on effort or contracture.The sum of all 20 muscle yields a total motor score for each patient, with a maximum possible score of 100 points for patients with no weakness. A different score, however  for upper limbs and lower limbs can be calculated making it 50 maximum for both upper and lower limb.Voluntary anal contraction is also noted.Determine Single Neurological LevelAfter motor and sensory levels have been determined, the information is assimilated for determining a single neurological levels. This is important because the sensory and motor level may differ.the neurological level is the lowest segment where motor and sensory function is normal on both sides, and is the most cephalad of the sensory and motor levels determined in sensory and motor examination.Complete or incomplete spinal cord injuryInjury is complete if there isNo voluntary anal contractionS4-5 sensory scores = 0no anal sensation = NoOtherwise injury is incomplete.Grading of ImpairmentThe ASIA impairment scale describes a person’s functional impairment as a result of their spinal cord injury.ASIA-Imapirment - CalculationA- CompleteNo motor or sensory function in the lowest sacral segment (S4-S5)B- IncompleteSensory function below neurologic level and in S4-S5, no motor function below neurologic levelC- IncompleteGUIDELINES CERVICAL SPINE INJURYRECOMMENDATIONSNeurological Examination:Level II:• The American Spinal Injury Association internationalstandards for neurological and functionalclassification of spinal cord injury are recommendedas the preferred neurological examinationtool for clinicians involved in the assessmentand care of acute spinal cord injury patients.Functional Outcome Assessment:Level I:• The Spinal Cord Independence Measure III isrecommended as the preferred functionaloutcome assessment tool for cliniciansinvolved in the assessment, care, and followupof patients with spinal cord injuries.Pain Associated With Spinal Cord Injury:Level I:• The International Spinal Cord Injury Basic PainData Set is recommended as the preferred meansto assess pain, including pain severity, physicalfunctioning, an
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SPINAL CORD  = ASIA 
A- Complete 

No motor or sensory function in the lowest sacral segment (S4-S5) 
B- Incomplete 

Sensory function below neurologic level and in S4-S5, no motor 
function below neurologic level 

C- Incomplete 
D- Incomplete 

Motor function is preserved below neurologic level and at least half 
of the key muscle groups below neurologic level have a muscle 
grade >3 

E- Normal 
Sensory and motor function is normal 
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Graphic:Guidelines for management:  Assessmenthttp://boneandspine.com/what-is-asia-score-and-how-it-helps-in-classification-of-spinal-injury/The ASIA score is the score developed by the American Spinal Injury Association for essential minimal elements of neurologic assessment for all patients with a spinal injury. This is based on scores as assessed by examiner and is popularly called ASIA score.These minimal elements are strength assessment of ten muscles on each side of the body and pin-prick discrimination assessment at 28 specific sensory locations on each side.How To Calculate ASIA Score?ASIA chart- Click to enlargeSensory ExaminationThe sensory levels are scored on a 0 to 2 scale for each dermatome. If body is divided into two identical halves there are 28 key sensory points to be tested. Each dermatome is tested forlight touch and pinprick sensations and labeld as NT (not testable) if cannot be tested.Otherwisw, follwing scores are given to each sensory point0 – The sensation is absent1 – The sensation is present but imapired2 – The sensation is normalScores are individually tested for  both light touch and pin prick are normal.A maximum possible is 112 points for each of them for a patient with normal sensation.In addition presence or absence of anal sensation is noted.Motor Examination10 key muscles, 5 in the upper limb and 5 in the lower limb are etested.  Five specific upper extremity muscles, one from each respective segment of the cervical cord, are scored on a 5-point muscle grading scale.  Five specific lower extremity muscles are similarly scored.Muscle strength is graded as0   Total paralysis1 -  Palpable or visible contraction2 -  Active movement, full range of motion, gravity eliminated3 -  Active movement, full range of motion, against gravity4 -  Active movement, full range of motion, against gravity and provides some resistance5 – Active movement, full range of motion, against gravity and provides normal resistance [Muscle able to exert, in examiner’s judgement, sufficient resistance to be considered normal if identifiable inhibiting factors were not present]NT – not testable. Patient unable to reliably exert effort or muscle unavailable for test-ing due to factors such as immobilization, pain on effort or contracture.The sum of all 20 muscle yields a total motor score for each patient, with a maximum possible score of 100 points for patients with no weakness. A different score, however  for upper limbs and lower limbs can be calculated making it 50 maximum for both upper and lower limb.Voluntary anal contraction is also noted.Determine Single Neurological LevelAfter motor and sensory levels have been determined, the information is assimilated for determining a single neurological levels. This is important because the sensory and motor level may differ.the neurological level is the lowest segment where motor and sensory function is normal on both sides, and is the most cephalad of the sensory and motor levels determined in sensory and motor examination.Complete or incomplete spinal cord injuryInjury is complete if there isNo voluntary anal contractionS4-5 sensory scores = 0no anal sensation = NoOtherwise injury is incomplete.Grading of ImpairmentThe ASIA impairment scale describes a person’s functional impairment as a result of their spinal cord injury.ASIA-Imapirment - CalculationA- CompleteNo motor or sensory function in the lowest sacral segment (S4-S5)B- IncompleteSensory function below neurologic level and in S4-S5, no motor function below neurologic levelC- Incomplete
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Graphic:Guidelines for management:  Assessmenthttp://boneandspine.com/what-is-asia-score-and-how-it-helps-in-classification-of-spinal-injury/The ASIA score is the score developed by the American Spinal Injury Association for essential minimal elements of neurologic assessment for all patients with a spinal injury. This is based on scores as assessed by examiner and is popularly called ASIA score.These minimal elements are strength assessment of ten muscles on each side of the body and pin-prick discrimination assessment at 28 specific sensory locations on each side.How To Calculate ASIA Score?ASIA chart- Click to enlargeSensory ExaminationThe sensory levels are scored on a 0 to 2 scale for each dermatome. If body is divided into two identical halves there are 28 key sensory points to be tested. Each dermatome is tested forlight touch and pinprick sensations and labeld as NT (not testable) if cannot be tested.Otherwisw, follwing scores are given to each sensory point0 – The sensation is absent1 – The sensation is present but imapired2 – The sensation is normalScores are individually tested for  both light touch and pin prick are normal.A maximum possible is 112 points for each of them for a patient with normal sensation.In addition presence or absence of anal sensation is noted.Motor Examination10 key muscles, 5 in the upper limb and 5 in the lower limb are etested.  Five specific upper extremity muscles, one from each respective segment of the cervical cord, are scored on a 5-point muscle grading scale.  Five specific lower extremity muscles are similarly scored.Muscle strength is graded as0   Total paralysis1 -  Palpable or visible contraction2 -  Active movement, full range of motion, gravity eliminated3 -  Active movement, full range of motion, against gravity4 -  Active movement, full range of motion, against gravity and provides some resistance5 – Active movement, full range of motion, against gravity and provides normal resistance [Muscle able to exert, in examiner’s judgement, sufficient resistance to be considered normal if identifiable inhibiting factors were not present]NT – not testable. Patient unable to reliably exert effort or muscle unavailable for test-ing due to factors such as immobilization, pain on effort or contracture.The sum of all 20 muscle yields a total motor score for each patient, with a maximum possible score of 100 points for patients with no weakness. A different score, however  for upper limbs and lower limbs can be calculated making it 50 maximum for both upper and lower limb.Voluntary anal contraction is also noted.Determine Single Neurological LevelAfter motor and sensory levels have been determined, the information is assimilated for determining a single neurological levels. This is important because the sensory and motor level may differ.the neurological level is the lowest segment where motor and sensory function is normal on both sides, and is the most cephalad of the sensory and motor levels determined in sensory and motor examination.Complete or incomplete spinal cord injuryInjury is complete if there isNo voluntary anal contractionS4-5 sensory scores = 0no anal sensation = NoOtherwise injury is incomplete.Grading of ImpairmentThe ASIA impairment scale describes a person’s functional impairment as a result of their spinal cord injury.ASIA-Imapirment - CalculationA- CompleteNo motor or sensory function in the lowest sacral segment (S4-S5)B- IncompleteSensory function below neurologic level and in S4-S5, no motor function below neurologic levelC- Incomplete



Radiographic Assessment C-Spine 
(Guidelines Cervical SCI) 

–Awake Asymptomatic 
–Awake Symptomatic 
–Obtunded Unevaluable 
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RECOMMENDATIONSAwake, Asymptomatic Patient  (Level 1)Awake, Symptomatic Patient (Level 1, Level 3)Obtunded or Unevaluable Patient (Level 1, Level 3)



Spine Injury 

• Imaging  
– Spinal column stability 
– Cord pathology, compression 

* Nexus Criteria 
* Clearance of the spine: cooperative vs 

uncooperative patient 
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Graphic:Guidelines for management:  Imaging Spine InjuryImaging for spinal stabilityImaging spinal cord	evaluate for pathology, compression	indication for surgeryClearance of the spine: cooperative vs uncooperative patient



Radiographic Assessment C-Spine 
(Guidelines Cervical Spine Injury) 

         Awake Symptomatic Patient 

    CT 
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Awake (can communicate and follow commands), Symptomatic Patient (Level 1)• In the awake, symptomatic patient, high-quality computed tomography (CT) imaging of the cervical spine is recommended.• If high-quality CT imaging is available, routine 3-view cervical spine radiographs are not recommended.• If high-quality CT imaging is not available, a 3-view cervical spine series (anteroposterior, lateral, and odontoid views) is recommended.This should be supplemented with CT (when it becomes available) if necessary to further define areas that are suspicious or not wellvisualized on the plain cervical x-rays.Level III• In the awake patient with neck pain or tenderness and normal high-quality CT imaging or normal 3-view cervical spine series (with supplemental CT if indicated), the following recommendations should be considered:1. Continue cervical immobilization until asymptomatic, 2. Discontinue cervical immobilization following normal and adequate dynamic flexion/ extension radiographs, 3. Discontinue cervical immobilization followinga normal magnetic resonance imaging (MRI) obtained within 48 hours of injury (limited and conflicting Class IIand Class III medical evidence), or, 4. Discontinue cervical immobilization at the discretion of the treating physician.



Radiographic Assessment C-Spine (Guidelines 
Cervical Spine Injury) 

        Awake Asymptomatic 

No imaging, Discontinue collar 
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RECOMMENDATIONSAwake, Asymptomatic Patient  (Level 1)• In the awake, asymptomatic patient who is without neck pain or tenderness, who has a normal neurological examination, is without an injury detracting from an accurate evaluation, and who is able to complete a functional range of motion examination; radiographic evaluation of the cervical spine is not recommended.• Discontinuance of cervical immobilization for these patients is recommended without cervical spinal imaging.VsAwake, Symptomatic Patient (Level 1)• In the awake, symptomatic patient, high-quality computed tomography (CT) imaging of the cervical spine is recommended.• If high-quality CT imaging is available, routine 3-view cervical spine radiographs are not recommended.• If high-quality CT imaging is not available, a 3-view cervical spine series (anteroposterior, lateral, and odontoid views) is recommended.This should be supplemented with CT (when it becomes available) if necessary to further define areas that are suspicious or not wellvisualized on the plain cervical x-rays.



Radiographic Assessment C-Spine 
(Guidelines Cervical Spine Injury) 

 Obtunded Unevaluable: 
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Obtunded or Unevaluable Patient   (Level 1)• In the obtunded or unevaluable patient, high quality CT imaging is recommended as the initial imaging modality of choice. If CT imaging is available, routine 3-view cervical spine radiographs are not recommended.• If high-quality CT imaging is not available, a 3-view cervical spine series (anteroposterior, lateral, and odontoid views) is recommended.This should be supplemented with CT (when it becomes available) if necessary to further define areas that are suspicious or not wellvisualized on the plain cervical x-rays.Level II• In patients in whom there is a high clinical suspicion of injury yet have a normal high-quality CT imaging study, it is recommended that the decisions for further patient management involve physicians trained in the diagnosis and management of spinal injuries.Level III• In the obtunded or unevaluable patient with a normal high quality CT or normal 3-view cervical spine series, the followingrecommendations should be considered: 1. Continue cervical immobilization until asymptomatic, 2. Discontinue cervical immobilization following a normal MRI study obtained within 48 hours of injury, (limited and conflicting Class II and Class III medical evidence), or, 3. Discontinue cervical immobilization at the discretion of the treating physician.• In the obtunded or unevaluable patient with a normal high quality CT, the routine use of dynamic imaging appears to be of marginal benefit and is not recommended.



Vertebral Artery Injuries 
(Guidelines Cervical Spine Injury) 

Anatomy: transverse foramina C2-7 
Worklup: angiography 
Pathology: occlusion, dissection,     

pseuoaneurysm 
Management: anti-coagulation vs no 

treatment 
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The vertebral arteries travel through openings in the right and left transverse processes of the C2 through C7 vertebrae.Traumatic forces strong enough to disrupt ligaments, fracture bone, and temporarily distort the vertebral canal to the point of spinal cord compression , can stretch and/or tear vertebral arteries at this and adjacent vertebral segments.From: Giuidelines for the Management of Cervical Spine InjuryRECOMMENDATIONSDiagnostic (Level 1)• Computed tomographic angiography (CTA) is recommended as a screening tool in selected patients after blunt cervical trauma who meet the modified Denver Screening Criteria for suspected vertebral artery injury (VAI).Level III• Conventional catheter angiography is recommended for the diagnosis of VAI in selected patients after blunt cervical trauma, particularly if concurrent endovascular therapy is a potential consideration, and can be undertaken in circumstances in which CTA is not available.• Magnetic resonance imaging is recommended for the diagnosis of VAI after blunt cervical trauma in patients with a complete spinal cord injury or vertebral subluxation injuries.Treatment (Level III)• It is recommended that the choice of therapy for patients with VAI—anticoagulation therapy vs antiplatelet therapy vs no treatment—be individualized based on the patient’s vertebral artery injury, the associated injuries, and the risk of bleeding.• The role of endovascular therapy in VAI has yet to be defined; therefore, no recommendation regarding its use in the treatment of VAI can be offered.Modified Denver Screening Criteria“When do I screen for a Traumatic vascular injury of the head & neck?”Until recently, these were occult injuries found mostly when patients had strokes. Yet since such patients usually had traumatic brain injuries (TBI) as well, it was seldom clear whether the TBI or blunt cerebrovascular injury was the cause. There is as yet no consensus in the literature on the value of screening. Patients who are diagnosed and treated while asymptomatic, have lower stroke rates and better neurologic outcomes according to Biffl et al.11 in 2006. Following are the Modified Denver Screening Criteria for BCVI12. If any of one or more of these criteria are present in a patient presenting with blunt injury, further investigation with a CT angiogram is recommended:Lateralizing neurologic deficit (not explained by CT head)Infarct on CT head scanCervical haematoma (non-expanding)Massive epistaxisAnisocoria / Horner’s syndrome Glasgow Coma Scale score ≤ 8 without significant CT findingsCervical spine fractureBasilar skull fractureSevere facial fracture (LeForte II or III only)Seatbelt sign above clavicleCervical bruit or thrill in patient below 50 years oldAdapted from Biffl et al.1Using the above criteria for both symptomatic and asymptomatic patients Kerwin et al 3 found a 44% positive angiography rate in 1941 patients. Back in 1996, the group from Memphis13, has reported a drop in BCI-associated mortality from 24% to 13% after instituting a broad screening protocol.



Radiographic Assessment (Guidelines Cervical 
Spine Injury) 

Spinal Cord Injury Without Radiographic 
Abnormality (SCIWORA) 

Imaging 
MRI region suspected injury 
Radiographic screen entire spinal column 
Flexion-extension (even with negative MRI) 
NO spinal angiography or myelography 

Treatment 
External immobilization up to 12 weeks 
Early discontinuation external immobilization  
Avoid high risk activities 6 months 
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Diagnosis:  (Level III)• Magnetic resonance imaging of the region of suspected neurological injury is recommended.• Radiographic screening of the entire spinal column is recommended.• Assessment of spinal stability in a SCIWORA patient is recommended with flexion-extension radiographs in the acute setting and at late follow-up, even in the presence of a magnetic resonance imaging negative for extraneural injury.• Neither spinal angiography nor myelography is recommended in the evaluation of  patients with SCIWORA.Treatment:  (Level III)• External immobilization of the spinal segment of injury is recommended for up to 12 weeks.• Early discontinuation of external immobilization is recommended for patients who become asymptomatic and in whom spinal stability is confirmed with flexion and extension radiographs.• Avoidance of “high-risk” activities for up to 6 months following SCIWORA is recommended.



Management SCI (ATLS) 
• From:  ATLS Manual 

Examination for level of injury 
        Motor 
        Sensory 

Treatment principles 
   1  semi-rigid collar, backboard (get patient off board within 2 hours) 
          log roll 
   2  fluid resuscitation 
          CVP monitoring 
   3  urinary catheter (during primary surgery - 1. monitor urine output, 2. 
prevent bladder distention 
   4 gastric catheter (prevent aspiration) 
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ATLS spineAs long as the patient’s spine is protected, evaluation of the spine and exclusion of spinal injury may be safely deferred, especially in the presence of systemic instability, such as hypotension and respiratory inadequacy.  special to pediatrics:    small child - pediatric-sized long spine board    (if only adult size board available, blanket rolls along entire sides to prevent lateral movement.  Padding under shoulders to elevate toso due to large occiput [avoid flexion, maintain neurtral alignment].  Padding from lumbar spine to shoulders laterally.Examination for level of injury	Motor        SensoryTreatment principles   1 semirigid collar, backboard (get patient off board within 2 hours)    log roll   2 fluid resus    CVP monitoring    urinary catheter (during primary surgery - 1. monitor urine output, 2. prevent bladder distention    gastric catheter (prevent aspiration)physical exam assessment spine   1 palpate entire spine posteriorly (logroll)      a. deformity, swelling      b. crepitus      c. pain with palpation      d. contusion, laceration, penetrating wounds   2. assess for Pain, Paralysis, Paresthesia      a. presence/absense      b. location      c. neurologic level   3. pinprick (lowest level)   4. deep tendon reflexes (not difficult, unreliable in DEM)   5. repeat exam until consultant arrives   6. assess for associated injuriesprimary survey patients possible spine injury   1. Airway      a) protect c spine while assessing airway      b) establish definitive airway as needed   2. Breathing      adequate ventilatory and oxygen support   3. Circulation      hypotension:          differentiate hypovolemia (decreased BP, increased HR, cool extremities) from neurogenic shock (decreased BP, decreased HR, warm extremities)



Pharmacologic Therapy  
(Guidelines Cervical Spine Injury) 

NO! Solumedrol (methylprednisolone) 
high-dose 24-hour infusion protocol 
Steroids may be used at lower doses for 
incomplete injuries and/or before surgery where 
further mechanical injury a risk 
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High-dose methylprednisolone (Prednisone) is NOT recommended in the acute management of spinal cord injury.Level I• Administration of methylprednisolone (MP) for the treatment of acute spinal cord injury(SCI) is not recommended. Clinicians considering MP therapy should bear in mind thatthe drug is not Food and Drug Administration (FDA) approved for this application.There is no Class I or Class II medical evidence supporting the clinical benefit ofMP in the treatment of acute SCI. Scattered reports of Class III evidence claim inconsistenteffects likely related to random chance or selection bias. However, Class I, II, and IIIevidence exists that high-dose steroids are associated with harmful side effects includingdeath.• Administration of GM-1 ganglioside (Sygen) for the treatment of acute SCI is notrecommended.



Initial closed reduction cervical 
spine fracture disolocations 
(Guidelines Cervical Spine Injury) 
• Early closed reduction  
• Early closed reduction NOT if additional 

rostral injury 
• Pre-reduction MRI in unevaluable 

patients 
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... From Guidelines for the Management of Cervical Spine InjuriesLevel III• Early closed reduction of cervical spinal fracture/dislocation injuries with craniocervicaltraction for the restoration of anatomic alignment of the cervical spine in awake patients is recommended.• Closed reduction in patients with an additionalrostral injury is not recommended.• Magnetic resonance imaging is recommendedfor patients with cervical spinal fracturedislocation injuries if they cannot be examinedduring closed reduction because ofaltered mental status or before either anterioror posterior surgical procedures when closedreduction has failed. Prereduction magneticresonance imaging performed in patientswith cervical fracture dislocation injurieswill demonstrate disrupted or herniatedintervertebral disks in one-third to one-halfof patients with facet subluxation injuries.These findings do not appear to influenceoutcome following closed reduction in awakepatients, and therefore, the utility of prereductionMRI in this circumstance isuncertain.



Tongs SCI (Guidelines Cervical Spine Injury) 
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In-line traction with tongs attached to weights is used for subluxation injuries to reduce the dislocation.  Subluxation means that the ligaments and soft tissue that hold the bones of the vertebral column together in alignment are disrupted.  If excessive weight is attached to the tong-pully ropes the bones with incompetent ligamentous attachments can separate and distract, pulling and stretching the spinal cord, causing further mechanical injury.



PEDIATRIC SCI (Guidelines Cervical Spine Injury) 

• Thoracic elevation / occipital recess 8 years of age or less 
• Closed reduction and halo for C2 synchondrosis in < 7 years  
• Reduction or traction for  acute AARF that does not reduce 

spontaneously.  Reduction with halter or tong/halo traction  for 
patients with AARF > 4 weeks duration 

• Internal fixation and fusion for recurrent and/or irreducible AARF 
• Surgery: isolated ligamentous injuries , unstable or irreducible 

fractures, or dislocations with associated deformity 
• Surgery: cervical spine injuries that fail non-operative management 
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RECOMMENDATIONS:Treatment (Level III)• Thoracic elevation or an occipital recess is recommended in children, 8 years of age to prevent flexion of the head and neck when restrained supine on an otherwise flat backboard for better neutral alignment and immobilization of the cervical spine.• Closed reduction and halo immobilization are recommended for injuries of the C2 synchondrosis in children < 7 years of age.• Reduction with manipulation or halter traction is recommended for patients with acute AARF (< 4 weeks duration) that does not reduce spontaneously. Reduction with halter or tong/halo traction is recommended for patients with chronic AARF (> 4 weeks duration).• Internal fixation and fusion are recommended in patients with recurrent and/or irreducible AARF.• Consideration of primary operative therapy is recommended for isolated ligamentous injuries of the cervical spine and unstable or irreducible fractures or dislocations with associated deformity.• Operative therapy is recommended for cervical spine injuries that fail non-operative management.



DEEP VENOUS THROMBOSIS 
Guidelines SCI (Guidelines Cervical 
Spine Injury)  Prophylactic treatment of venous 

thromboembolism (VTE) in patients with 
severe motor deficits  

 Low molecular weight heparins, rotating beds, 
or a combination of modalities  

  Low dose heparin in combination with 
pneumatic compression stockings or electrical 
stimulation 
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Deep Venous Thrombosis and Thromboembolism in Patients With Cervical Spinal Cord InjuriesPara- and quadriparetic or plegic patients who are not moving their legs are at risk for venous stasis lower extremity clots that can move into inferior vena cava, through the heart, and into the pulmonary arteries.  Pulmonary embolism can be a fatal complication of spinal cord injury.Prevention of venous stasis thrombus with both low dose anti-coagulant and sequential leg squeezers is recommended.From Guidelines for Management of Cervical Spine InjuryRECOMMENDATIONSProphylaxis:Level I• Prophylactic treatment of venous thromboembolism(VTE) in patients with severe motor deficits due to spinal cord injury is recommended.• The use of low molecular weight heparins, rotating beds, or a combination of modalitiesis recommended as a prophylactic treatment strategy.• Low dose heparin in combination with pneumatic compression stockings or electrical stimulation is recommended as a prophylactic treatment strategy.



Nutritional Support Guidelines SCI 
(Guidelines Cervical Spine Injury) 

• Indirect calorimetry to determine needs 
 

• Feed as soon as feasible 
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Nutrition may be a challenge following spine injury.Level II• Indirect calorimetry as the best means to determine the caloric needs of spinal cord injury patients is recommended.Level III• Nutritional support of spinal cord injury (SCI) patients is recommended as soon as feasible. It appears that early enteral nutrition (initiated within 72 hours) is safe, but has not been shown to affect neurological outcome, the length of stay, or the incidence of complications in patients with acute SCI.



VENTILATION (Guidelines Cervical Spine Injury) 

• Ventilaton  
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Graphic: ventilationGuidelines for management:  VentilationHigh cervical spine injuries



GU Guidelines Spine Injury (Guidelines Cervical 
Spine Injury) 
• GU 
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Graphic:Guidelines for management:  GU spine injury



PERFUSION Spine Injury (Guidelines Cervical 
Spine Injury) 

Perfusion 
MAP = 85  
 Fluids 
    Pressors 
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Guidelines for management: PerfusionGraphic: Blood supply to spinal cordMAP = 85



STEROIDS SCI (Guidelines Cervical Spine Injury) 

Solumedrol protocol  
OUT! 

2/20/2014 Neurotrauma Guidelines  

Presenter
Presentation Notes
Guidelines for management: SteroidsGraphic: blood brain barrier stabilizationComplete vs incompleteSolumedrol OUT



SURGERY SCI (Guidelines Cervical Spine Injury) 

• Surgery 
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Guidelines for management: Surgery for spinal injuryGraphic: epidural hematoma compressing cord, fracture compression cord, columnsDecompressionStabilization  External  Internal



Halo vest Guideline 
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A halo vest is a device used to immobilize the cervical spine.



Research 
• Outcomes 

– Does compliance with Guideline improve 
outcome? 

– Quality improvement 

• Improvement 
– What are Guideline weaknesses? 
– Evidence base 
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Head and spine injury guidelinesPathophysiologyGuid
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